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L A N T H A N I D E - I N D U C E D  C O N T A C T  SHI F T S  IN P O L Y G L Y C O L D I M E T H Y L E T H E R S
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C o m p l e x a t i o n  of p o l y g l y c o l d l m e t h y l e t h e r s  (glymes) of the g e n e r a l  f o r mula 
C H 3 (CH2 C H 2 0 )n C H 2 w i t h  c e r t a i n  a r o m a t i c  r a d i c a l  i o n  s a l t s  s uch as c oronene 
s o d i u m  is k n o w n  to r e s u l t  ln s t r o n g  d o w n f i e l d  n u c l e a r  m a g n e t i c  r e s o n a n c e  shi f t s  
of the glyme p r o t o n s  (1,2). Th e  s h i fts, a m o u n t i n g  to as m u c h  as 12 p p m  and 
i n t e r p r e t e d  in terms of a Fer.mi c o n t a c t  m e c h a n i s m ,  p r o d u c e  a first or d e r  s p e c t r u m  
for the C H 2 p r o t o n s ,  e a c h  p e a k  r e p r e s e n t i n g  a c o m b i n a t i o n  of two or m o r e  C H 2 
g r o u p s .
Th e  la r g e  p r o t o n  n m r  shi f t s  r e c e n t l y  r e p o r t e d  for m a n y  o r g a n i c  compo u n d s  
in the p r e s e n c e  of p a r a m a g n e t i c  l a n t h a n i d e  c o m p l e x e s  s u c h  as t r i s ( d i p i v a l o -  
m e t h a n a t o )  e u r o p i u m  a n d  - p r a s e o d y m i u m  (3-9) i n d u c e d  us to look at m i x t u r e s  of 
these l a n t h a n i d e  shift- r e a g e n t s  w i t h  the p o l y f u n c t l o n a l  glymes. In the a c t u a l  
e x p e r l m e n t s  j, s m a l l  q u a n t l t i e s  of glyme. (some of t h e m  p a r t i a l l y  deut e r a t e d )  w i t h  
n r a n g i n g  f r o m  1 to 6 w e r e  a d d e d  to a 0 .15 M  s o l u t i o n  o f  a l a n t h a n i d e  c o m p l e x  
in CCl^, and the n m r  s p e c t r a  r e c o r d e d  on a V a r i a n  A 6 0 A  s p e c t r o m e t e r . In a 
n u m b e r  of e x p e r l m e n t s  the m o l a r  ratio of l a n t h a n i d e  to g l y m e  wa s  v a r i e d  f r o m
0.2 to 4.0
T he s p e c t r a  of the 1:1 g l y m e - E u  a d d u c t s  r e v e a l  a s h a r p  p e a k  r e p r e s e n t i n g  
the two t e r m i n a l  C H 3 g r oups, and f u r t h e r  d o w n f i e l d  a s e r i e s  of w e l l  r e s o l v e d  
a b s o r p t i o n s  e ach r e p r e s e n t i n g  two CHj groups. A d d i t i o n  of m o r e  gl y m e  y i e l d s  a 
r a p i d  e x c h a n g e  s p e c t r u m ,  and p l o t s  of the p r o t o n  shi f t s  v e r s u s  the ratio of the 
c o n c e n t r a t i o n  of the 1 : 1  .adduct to that of total g l y m e  ar e  l i n e a r  and p a s s i n g
* ■
A u t h o r  to w h o m  c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d
t h r o u g h  the origin, l m p l y i n g  that at 0 . 1 5  M  of the 1:1 m i x t u r e  e s s e n t i a l l y  all 
of the g l y m e  is b o u n d  to the E u ( d p m ) ^ >
It is i n t e r e s t i n g  that the s p e c t r u m  of a glyme 5 / E u ( d p m ) ^  m i x t u r e  (the 
n u m b e r  f o l l o w i n g  the glyme ref e r s  to the n u m b e r  of o x y g e n  atoms in the glyme) 
c l e a r l y  e x h i b i t s  four trip l e t s ,  e a c h  r e p r e s e n t i n g  a c o m b i n a t i o n  of two CH^ 
g r o u p s .  Fo r  a s i m i l a r  m i x t u r e  w i t h  g l y m e  4 one of the C H 2 . . . C H 2 p e a k s  is a 
s i n g l e t .  G l y m e  3 sh o w s  two t r i p l e t s ,  w h l l e  a g l y m e  6 / E u ( d p m ) 3 s p e c t r u m  c o n s i s t s  
of f our w e l l  r e s o l v e d  tr i p l e t s  an d  a s i n g l e t ,  in a d d i t i o n  to the CH ^  group. 
A p p a r e n t l y ,  the two groups r e p r e s e n t i n g  one n a r  a b s o r p t i o n  a r e  e q u a l l y
far r e m o v e d  f rom the c e n t e r  of the m o l e c u l e .  U s i n g  glyme i as an e x ampldi
C U 30CU2C H 20 C H 2C U 20 C H 2CU2 0CH3
(3) (2) U ) ( l )  (2) (3) 
the p r o t o n s  w i l l  g ive a s i n g l e t ,  w h l l e  t r i p l e t s  are e x p e c t e d  fo r  the C(2) 
a n d  C(3) p r o t o n s .  G l y m e s  w i t h  an o dd n u m b e r  of o x y g e n  at o m s  (glyme 3 o r  5) 
y i e l d  o n l y  t riplets.
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T h e  f o l l o w i n g  d e u t e r a t e d  glym e s  w e r e  p r e p a r e d  for f u r t h e r  p e a k  a s s i g n m e n t s :
T h e s e  c o m p o u n d s  w e r e  s u f f i c i ë n t  to a s s i g n  all glyme 4 an d  gl y m e  5 a b s o r p t i o n s ,  
s i n c e  the C H 2 p r o t o n s  a d j a c e n t  to a C D 2 gr o u p  are c h a n g e d  f r o m  a t r i p l e t  to a 
s i n g l e t .  Al s o ,  some i n t e r e s t i n g  isotope, e f f e c t s  on the c h e m i c a l  s h i f t s  w e r e  
found, w i t h  the CH^ a b s o r p t i o n  s p l i t t i n g  up in a d o u blet fo r  the a s y m m e t r i c a l l y  
d e u t e r a t e d  g l y m e  4 (20 cps p e a k  separa.tion w i t h  Fr).
T h e  r e s p e c t i v e  c h e m i c a l  s h i f t s  a r e  l i s t e d  in T a b l e  I, all v a l u e s  b e i n g  
r e l a t i v e  to the c h e m i c a l  s h i f t s  o f  the g l y m e  p r o t o n s  in p u r e  glym e .  R e s u l t s  
o b t a i n e d  w i t h  p r a s e o d y m i u m  (dpm)^ a r e  a l s o  i n c l u d e d .  Th e  m o s t  s t r i k i n g  
o b s e r v a t i o n  c o n c e r n s  the P r / E u  s h i f t  r a t i o  for the v a r i o u s  g l y m e  p r o t o n s ;  For 
the two 1 : 1' l a n t h a n i d e - g l y m e  4 c o m p l e x e s  the F r / E u  shift ra t i o  is 3.0 for the 
C H ^  g r o u p  and 3.2 for the C(l) p r o t o n s .  H o w e v e r ,  the rati o s  are o n l y  1.9 for 
the C(2) p r o t o n s  and 1.7 for the C(3) p r o t o n s .  A  s i m i l a r  b e h a v i o r  is o b s e r v e d  
for g l y m e  5, w i t h  the r e s p e c t i v e  ? r / E u  s h i f t  r a t i o s  b e i n g  2.9, 3.0 and 2.9 for 
the CHg, C(l) a nd C (2) p r o t o n s ,  an d  o n l y  1.9 a n d  1.7 for the p e n u l t i m a t e  C ü 2 
(C3) a n d  t e r m i n a l  g r o ups. ■ T h e s e  d a t a  s u g g e s t  that ie i s n o t  aiwa y s
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Tab le I
P r o t o n  N M R  Shi f t s  of Glyme 4 and G l y m e  5 A d d u c t s  of E u C d p m ) ^  and P r ( d p m ) j  in
CCl^ at 40°C, r e l a t i v e  to the C h e m i c a l  S h i f t s  of No n  C o m p l e x e d  G l y m e  (both
m e a s u r e d  w i t b  r e s p e c t  to IMS). C o n c e n t r a t i o n  of P a r a m a g n e t i c  C o m p l e x : 0 . 15 M. 
M i x t u r e  CH, C(l) C(2) C(3) C(4)
E u / G 4  - 1:0.2 
E u / G 4  “ lsl 
Eu / G 4  - 1:2 
P r / G 4  - 1:0.2 
P r / G 4  - 1:1 
P r / G 4  - 1:2 
Eu / G 5  - 1:1 
P r / G 5  » 1:1
-567
-2 5 3
-124
1541
763
373
- 2 0 8
604
-521
-385
-212
2120
1251
635
-256
767
-1253
- 6 1 7
- 3 1 8
2065
1200
599
- 335
965
-1215
-562
-282
2011
977
497
-519
965
-465
809
j u s t i f i e d  to c o n v e r t  p r o t o n  shi f t s  o b t a i n e d  f o r  one c o m p l e x  into those for 
a n o t h e r  l a n t h a n i d e  c o m p l e x  b y  a p p l y i n g  a c o n s t a n t  s h i f t  ratio fac t o r  (8,9).
Ou r  t e n t a t i v e  c o n c l u s i o n  is that the Eu or Pr io n  is c h e l a t e d  p r e d o m i n a n t l y  to 
the o u t e r  two o x y g e n  atoms of the gl y m e  Chain, b r i n g i n g  the two CH^ groups 
c o n n e c t i n g  t h e s e  two o x y g e n  atoms in c l o s e  p r o x i m i t y  to the p a r a m a g n e t i c  ion. 
Ihis a p p a r e n t l y  r e s u l t s  in a c o n s i d e r a b l e  F e r m i  c o n t a c t  s h i f t  on these p r o t o n s ,  
in a d d i t i o n  to the e x p e c t e d  d i p o l a r  shift. B o t h  k i n d s  of shift are d o w n f i e l d  
for the E u - g l y m e  a d d uct, bu t  they are in o p p o s i t e  d i r e c t i o n  for the Pr c o mplex. 
Th e  c o m b i n e d  e f f e c t s  l ead to the low s h i f t  ratios f o u n d  for these pro t o n s .
S u p p o r t i n g  e v i d e n c e  for the s i m u l t a n e o u s  b i n d i n g  of two glyme o x y g e n  atoms 
to Eu or Pr is f o u n d  in the b e h a v i o r  of o r t h o  and m e t a - d i m e t h o x y b e n z e n e . The 
CH^ p r o t o n s  of the o r t h o  c o m p o u n d  in a 1:1 m i x t u r e  w i t h  E u ( d p m ) ^  are s h i f t e d  
to the s a m e  e x t e n t  as found for 1,2 d i m e t h o x y e t h a n e ,  w h i l e  the CH s h i f t  for 
the m e t a  d e r i v a t i v e  is c o n c e n t r a t i o n  d e p e n d e n t  and, at 0 . 1 5  H, a m o u n t s  to o nly 
about 1/5 of that of the o r t h o  compound. Also, 1,2 d i m e t h o x y e t h a n e  is m u c h
*v
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B-tronger b o u n d  to E u ( d p m ) 3 t h a n  e t h e r s  w i t h  one o x y g e n  atom, l n c l u d i n g  
tetr'ahydrof uran.
T he n mr p a t t e r n s  of the g l y m e  a d d u c t s  (e.g., the i d e n t l c a l  shif t s  of
a rapid i n t r a m o l e c u l a r  e x c h a n g e  of the l a n t h a n l d e  r e a g e n t  b e t w e e n  - 0 C H 2 C H 2 0 - 
m o l e t l e s  on o p p o s i t e  ends of the c h a i n  a n d / o r  an i n t e r m o l e c u l a r  e x c h a n g e  
b e t w e e n  c o m p l e x e d  gl y m e  m ö l e c u l e s .  Also, w h e n  the l a n t h a n l d e / g l y m e  ratio 
e x c e e d s  unity, a s e c o n d  p a r a m a g n e t i c  c o m p l e x  b l n d s  to the g l y m e  (not o b s e r v e d  
for D M E ) , c a u s l n g  an e v e n  f u r t h e r  s h i f t  of the gl y m e  p r o t o n s  (See T a b l e  1). 
A d d i t i o n a l  w o r k  on these i n t e r e s t i n g  c h e l a t i n g  s y s t e m s  are in p r o g r e s s  in order 
to c o m p a r e  their b e h a v i o r  w i t h  that f o u n d  for the r a d i c a l  a n l o n  sh i f t  r eagents.
A c k n o w l e d g m e n t . - The s u p p o r t  of this r e s e a r c h  by the N a t i o n a l  I n s t i t u t e a  of 
H e a l t h  (GM 15965) and b y  the N a t i o n a l  S c i e n c e  F o u n d a t i o n  (GP 2635 0 )  is 
g r a t e f u l l y  a c k n o w l e d g e d .
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